1. Introduction {#sec1-nutrients-12-02273}
===============

The incidence rate of breast cancer varies widely worldwide \[[@B1-nutrients-12-02273]\]. In Korea, the incidence and mortality of breast cancer have increased consistently, however the 5-year relative survival rates for breast cancer was 92.7% in 2016 \[[@B2-nutrients-12-02273]\]. Therefore, there is growing interest in the potential effect of modifiable factors on breast cancer risk.

Several epidemiologic studies have linked the risk of breast cancer with individual foods and nutrients such as fruits and vegetables \[[@B3-nutrients-12-02273]\], fats \[[@B4-nutrients-12-02273]\], red meat \[[@B5-nutrients-12-02273]\], milk \[[@B6-nutrients-12-02273]\], fish \[[@B7-nutrients-12-02273]\], and dietary supplements containing soy isoflavone \[[@B8-nutrients-12-02273]\], with inconsistent results \[[@B9-nutrients-12-02273]\]. However, foods and nutrients are consumed in combination rather than separately, and the components in these foods may have a synergistic effect on breast cancer risk \[[@B10-nutrients-12-02273]\]. Exploration of dietary patterns that potentially reflect possible foods and nutrients working together may overcome the limitation of assessments of individual food items \[[@B11-nutrients-12-02273]\].

Several epidemiological studies have investigated the association between dietary patterns and breast cancer risk. Previous cohort studies indicated that those who had dietary patterns, characterized by high intake of fruit and vegetables \[[@B12-nutrients-12-02273],[@B13-nutrients-12-02273]\], fish, poultry, and dairy products \[[@B14-nutrients-12-02273]\] had reduced risk of breast cancer. Increased breast cancer risk has been associated with a Western dietary pattern that is high in red and processed meat, refined grains, sweets and desserts \[[@B15-nutrients-12-02273]\], French fries, and pasta \[[@B16-nutrients-12-02273]\], as well as a drinker dietary pattern \[[@B17-nutrients-12-02273]\].

Asian dietary habit differ from those of western populations; Asian populations consume much less meat and more carbohydrate compared to the western populations \[[@B18-nutrients-12-02273],[@B19-nutrients-12-02273]\]. However, most of the prospective studies on dietary patterns and breast cancer risk have been conducted in Western countries, and few studies regarding dietary patterns associated with breast cancer risk have been conducted in Asian populations \[[@B20-nutrients-12-02273],[@B21-nutrients-12-02273]\]. Given that dietary patterns vary among populations because of different dietary habits, preferences and availability \[[@B11-nutrients-12-02273]\], further studies are needed regarding the prevention of breast cancer in the Korean population. To our knowledge, only one case--control study reported that the vegetable-seafood pattern decreased the risk of breast cancer \[[@B22-nutrients-12-02273]\], and no prospective cohort study has been undertaken in Korean women.

In this study, we aim to estimate the effect of dietary patterns and multi-grain rice intake on the risk of breast cancer development by using a large-scale prospective cohort study of Korean women between 2004 and 2013.

2. Method {#sec2-nutrients-12-02273}
=========

2.1. Study Population {#sec2dot1-nutrients-12-02273}
---------------------

This study used baseline data from the Health Examinees-Gem (HEXA-G) study, which was derived from the HEXA study \[[@B23-nutrients-12-02273],[@B24-nutrients-12-02273]\]. The HEXA study is a community-based large-scale prospective cohort study composed of Korean adults aged 40--69 years who were recruited from health examination centres from 2004--2013. At a baseline, a total of 173,342 men and women were recruited.

Updated from the previously published HEXA studies \[[@B23-nutrients-12-02273],[@B24-nutrients-12-02273]\], the HEXA-G study applied additional eligibility criteria at the participating sites. The criteria precludes sites that only participated in the pilot study from 2004 to 2006, had less than 2 years of follow-up, or did not meet quality control criteria for bio specimen \[[@B25-nutrients-12-02273]\]. In the HEXA-G study, a total of 93,306 women remained. Among the participants, we excluded those who had no information regarding the date and cause diagnosis of cancer from the Korea Central Cancer Registry (*n* = 8,531). Participants were also excluded if they did not answer the Food Frequency Questionnaires (FFQs) (*n* = 1,165) and had insufficient values (\<500 or \>3500 kcal/day) for total energy intake (*n* = 1,069); 4000 participants who already had any type of cancer at baseline were excluded. We also excluded women who were diagnosed with breast cancer during the first 2 years of the follow-up period to lessen the impact of reverse causality (*n* = 221). Finally, we considered 78,320 women in this analysis.

The HEXA study is a component of the Korean Genome and Epidemiology Study (KoGES). The study protocol was approved by the Institutional Review Board (IRB) of the Seoul National University Hospital (IRB number 0608-018-179) and the Ethics Committee of the KoGES of the Korea National Institute of Health (IRB number 2014-08-02-3C-A).

2.2. Assessment of Dietary Intake {#sec2dot2-nutrients-12-02273}
---------------------------------

Usual dietary intake was assessed using a validated semi-quantitative FFQ during the previous one year \[[@B26-nutrients-12-02273]\]. Interviewers asked participants how often they had consumed 106 foods during the previous one year. The frequencies were classified into nine levels from never or seldom to three times or more a day. The portion size was divided into three levels depending on the average size of each food item. Component food items of the white rice dietary pattern included in the FFQ items included white rice (1 serving, 220 g) and multi-grain rice (1 serving, 220g) \[[@B27-nutrients-12-02273]\]. The usual intake of each food item was converted to daily intake based on the reported frequency and amount of each food item. The daily total calories and nutrient intakes were calculated using a Korean standard food composition table \[[@B28-nutrients-12-02273]\].

2.3. Identification of Breast Cancer and follow-up of the Cohort {#sec2dot3-nutrients-12-02273}
----------------------------------------------------------------

Information on the date of initial diagnosis and cause of cancer was ascertained by linkages to the Korea Central Cancer Registry, until 31 December 2014. Participants gave written informed consent for secondary data linkages, such as the Korean Central Cancer Registry. Cancer incidence was defined based on the 10th revision of International Classification of Disease (ICD-10) as follows: cancer incidence (C), and breast cancer incidence (C50).

2.4. Collection of Sociodemographic and Lifestyle Information {#sec2dot4-nutrients-12-02273}
-------------------------------------------------------------

Each participant's age, educational level (uneducated, elementary school, middle school, high school, college, undergraduate, graduate or more), regular exercise (no, yes), alcohol intake (never, former, current), smoking status (never, former, current), marital status (married, cohabiting, unmarried, divorced, widowed), menopausal status (no, yes), the number of parity, age at first birth, age at menarche, oral contraceptive use (no, yes), and the presence of family history of cancer (no, yes) were obtained using the structured questionnaire. We obtained information on the participant's height (cm) and weight (kg) directly measured by the medical staff. Body mass index (BMI, kg/m^2^) was calculated by dividing body weight (in kilograms) by the square of height (in metres).

2.5. Statistical Analysis {#sec2dot5-nutrients-12-02273}
-------------------------

We grouped a total of 106 food items into 37 food groups according to the similarities of their nutrient profiles based on previous studies \[[@B29-nutrients-12-02273],[@B30-nutrients-12-02273],[@B31-nutrients-12-02273]\] ([Table 1](#nutrients-12-02273-t001){ref-type="table"}). Next, we combined the intake amount for each food group per participant and calculated the daily amount (g/day) of each food group.

Factor analysis (principal components) was used to derive dietary patterns based on the 37 food groups in our analysis. The factors were rotated using an orthogonal transformation to simplify the factor structure for easier interpretation. The more involved a variable was, the higher the weight. Variables unrelated to a dietary pattern would be weighted close to zero. The factor score for each dietary pattern was calculated by summing the intakes of all the food groups weighted by their factor loadings, and each participant was assigned a factor score for each dietary pattern \[[@B12-nutrients-12-02273]\]. A higher factor score indicated a higher level of adherence to the dietary pattern. Food groups with factor loading values ≥ \|0.2\| were defined as high contributors to each dietary pattern and were used to characterize each dietary pattern. We determined three factors based on a combination of eigenvalues, the Scree test, and our interpretations of the derived factors \[[@B15-nutrients-12-02273]\]. We labelled these three patterns the 'meat dietary pattern', the 'white rice dietary pattern', and the 'other pattern'. Participants were divided into four categories based on quartiles of factor scores for each dietary pattern.

Cox proportional hazards models were fit to assess the relationship between each dietary pattern and the incidence of breast cancer; age was used as the time scale in Cox proportional hazard models. Age at baseline was used as the entry time to reflect the left-truncation time of the data and age at cancer diagnosis or final follow-up was the exit time. Person-years of follow-up were estimated from the date of study entry until the date of breast cancer diagnosis, date of any cancer diagnosis, or the end of the follow-up period (31 December, 2014). In separate analyses, we also assessed the relationship between each individual component of the white rice dietary pattern and the risk of breast cancer. Participants were classified into three categories based on the distribution of their reported daily intake of each component of the dietary pattern. Because the number of participants who never or rarely consumed white rice (83%) were more than those who never or rarely consumed multi-grain rice (43%), we categorized these women into \<1 serving/day, 1--2 serving/day, or ≥3 servings/day for white rice consumption and ≤1 serving/day, 2 serving/day, or ≥3 servings/day for multi-grain rice consumption groups.

Multivariable hazard ratios (HRs) were adjusted for BMI (kg/m^2^, continuous), total energy intake (kcal/day, continuous), educational level (middle school or less, high school or college, undergraduate or more), parity (nulliparous, 1, 2, more than 3), age at first birth (nulliparous, \<25, ≥25 years), age at menarche (\<15, 15, ≥16 years), regular exercise (no, yes), alcohol intake (never, ever), and the presence of a family history of breast cancer (no, yes). Tests of linear trend were calculated by assigning the medians to each category and evaluated by the Wald test.

If we had missing variables (less than 3% of each variable), we assigned the median value or most common category to missing variables in this study. SAS software version 9.4 (SAS Institute, Cary, NC, USA) was used for all analyses. All p-values were two-sided tests, and statistical significance was set at *p* ≤ 0.05.

3. Results {#sec3-nutrients-12-02273}
==========

We identified three major dietary patterns in the final models, 'meat dietary pattern', and 'white rice dietary pattern', and the 'other pattern. Three dietary patterns, which explained 23.9% of the variance in the 37 food groups in our factor analysis. The factor loading matrix for the three patterns, for which a positive loading indicates a positive association between the dietary pattern and the food group and a negative loading indicates an inverse association, is shown in [Table 2](#nutrients-12-02273-t002){ref-type="table"}. The meat dietary pattern explained 5.8%, the white rice dietary pattern explained 4.7%, and the other pattern explained 13.4% of the variance in food intake. The meat dietary pattern is characterized by a high levels of bread, pizza and hamburger, cereals and snacks, noodles, dumplings, red meat, red meat by-products, poultry, processed meat and fish. The white rice dietary pattern was characterized by higher intake of white rice and salt-fermented fish and lower intake of multi-grain rice, tubers, legumes and soybean paste, tofu, nuts, and milk. The other pattern is characterized by high loading of yellow-green vegetables, other vegetables, mushrooms, seaweed, lean fish, fatty fish, dried anchovy, legumes and soybean paste, and tofu.

For 494,490 person-years of follow-up (average follow-up: 6.3 years) for 78,320 women, a total of 359 breast cancer cases were newly diagnosed, and these cases were included in this analysis. The participants' mean age, BMI, and total energy intake were 52.3 (years), 23.6 (kg/m^2^), and 1981.0 (kcal/day), respectively. We compared the general characteristics of the participants across quartiles of the factor score for each dietary pattern ([Table 3](#nutrients-12-02273-t003){ref-type="table"}). Women with higher meat dietary pattern scores were younger, more highly educated, more likely to be married or cohabitanting (not including being unmarried, divorced or widowed) and to have higher proportion of ever drinkers and ever smokers than those with lower scores. Women with higher white rice dietary pattern scores were younger, more obese, less educated, less likely to be married or cohabitanting, were less physically active, and had a higher proportion of ever drinkers and ever smokers than those who scored lower on this pattern. Women who scored high on the other pattern were older, more likely to be married or cohabitanting, and were more physically active than those who scored low on this pattern.

In addition, higher the meat dietary pattern scores and other pattern scores were associated with higher levels of total energy intake, whereas the white rice dietary pattern scores were associated with lower levels of total energy intake.

Multivariable HRs of breast cancer according to quartile category of each dietary pattern score are shown in [Table 4](#nutrients-12-02273-t004){ref-type="table"}. Women who had higher white rice dietary pattern scores tended to be associated with an increased risk of breast cancer; multivariable HR (95% CI) comparing the highest with the lowest quartile of the white rice dietary pattern scores was 1.35 (1.00, 1.84) (*p* for trend = 0.0384). In contrast, the meat dietary pattern and the other pattern were not associated with the risk of breast cancer.

[Table 5](#nutrients-12-02273-t005){ref-type="table"} and [Table 6](#nutrients-12-02273-t006){ref-type="table"} provide the associations between consumption of major components of the white rice dietary pattern, white rice and multi-grain rice, and the risk of breast cancer. We found an inverse dose--response relationship between the risk of breast cancer and multi-grain rice intake among women under 50 years of age. Women who consumed three or more servings of multi-grain rice per day had a 33% lower risk of breast cancerthan those who consumed one or less serving of multi-grain rice per day consumed among women under 50 years of age (HR: 0.67, 95% CI: 0.45--0.99, *p* for trend = 0.0204). However, we observed women who consumed three or more servings of white rice per day had no significantly increased risk of breast cancer (HR = 1.29, 95% CI = 0.94--1.76; *p* for trend = 0.1363) compared with women who almost never consumed white rice.

4. Discussion {#sec4-nutrients-12-02273}
=============

In this large prospective cohort study, we identified three dietary patterns: the 'meat dietary pattern', the 'white rice dietary pattern', and the 'other pattern'. We found that higher white rice dietary pattern scores were significantly associated with increased risk of breast cancer. However, there were no associations between the meat dietary pattern or the other pattern and breast cancer risk among women.

Previous prospective cohort studies on the association between dietary pattern and breast cancer risk conducted in western populations \[[@B14-nutrients-12-02273],[@B15-nutrients-12-02273],[@B17-nutrients-12-02273],[@B32-nutrients-12-02273]\] and in Asian populations \[[@B21-nutrients-12-02273],[@B33-nutrients-12-02273],[@B34-nutrients-12-02273]\] have been reported; however, the results from these studies have been inconsistent. In the Nurse's Health Study (NHS) \[[@B14-nutrients-12-02273],[@B17-nutrients-12-02273]\] and the Swedish Mammography Screening Cohort study \[[@B15-nutrients-12-02273]\], there were no overall association between dietary patterns and breast cancer risk \[[@B14-nutrients-12-02273],[@B17-nutrients-12-02273]\] and postmenopausal breast cancer risk \[[@B15-nutrients-12-02273]\]. However, the prudent diet, which is characterized by higher intake of fruits, vegetables, whole grains, low-fat dairy products, fish and poultry was inversely associated with estrogen receptor- negative breast cancer risk \[[@B15-nutrients-12-02273],[@B32-nutrients-12-02273]\] and breast cancer risk in premenopausal women \[[@B32-nutrients-12-02273]\]. In contrast, the drinker dietary pattern (wine, beer, and spirits) had an increased the risk of breast cancer \[[@B17-nutrients-12-02273]\]. In a prospective cohort study of Japanese women, the western dietary pattern (bread, beef, processed meat, coffee, tea, soft drink, and sauce) is associated with an increased risk of breast cancer \[[@B35-nutrients-12-02273]\]; however, the animal product diet (meat, deep-fried foods, fried vegetables, fish pasted and salt-preserved fish) gave a decreased risk of breast cancer among premenopausal women \[[@B21-nutrients-12-02273]\]. A Singapore Chinese Health Study showed that there was a dose-dependent trend of decreasing breast cancer risk for the vegetable-fruit-soy dietary pattern among postmenopausal women \[[@B34-nutrients-12-02273]\].

In our study, we identified the white rice dietary pattern, which is characterized by high intake of white rice and low intake of multi-grain rice, in Korean women. Similarly, previous studies identified the white rice pattern, characterized by very high consumption of white rice and very low consumption of whole grain \[[@B31-nutrients-12-02273]\] and the traditional pattern which included high intake of white rice \[[@B36-nutrients-12-02273]\], in Korean women. One of the main patterns of Korean diet is the rice dietary pattern because rice is typically consumed as a staple food among Koreans \[[@B18-nutrients-12-02273]\].

This study found that the white rice dietary pattern was significantly associated with the risk of breast cancer. White rice is classified as a refined grain because during the refining process the outer layer of the grain containing bran and germ is striped out, and white rice that only contains the endosperm is produced \[[@B35-nutrients-12-02273]\]. A case-control studies showed a positive association between white rice consumption \[[@B37-nutrients-12-02273]\] or a high glycaemic index \[[@B38-nutrients-12-02273],[@B39-nutrients-12-02273]\] and breast cancer risk. White rice consumption, which includes eating endosperm that is composed primarily of starch and that is known to have a high glycaemic index, is related to an increased breast cancer risk \[[@B39-nutrients-12-02273]\].

In this study, the main components of the white rice dietary pattern were white rice and multi-grain rice. Our results showed that higher consumption of multi-grain rice was associated with a lower risk of breast cancer among women under 50 years of age. In agreement with our findings, a cohort study \[[@B40-nutrients-12-02273]\] and case-control studies \[[@B37-nutrients-12-02273],[@B41-nutrients-12-02273]\] reported a reduced breast cancer risk for high intake of whole-grain products. We found an inverse association between whole-grain intake and breast cancer risk only in women under 50 years old, the median age of menopause in Korean women \[[@B42-nutrients-12-02273]\], but not in the entire study population. Several characteristics for breast cancer can vary according to menopausal status because of the different hormonal environments \[[@B43-nutrients-12-02273]\].

Whole grains have more nutritional value than refined grains \[[@B44-nutrients-12-02273],[@B45-nutrients-12-02273]\] because the refining process removes bran and germ containing many nutrients \[[@B46-nutrients-12-02273]\]. The rice in the multi-grain group showed features of whole grain \[[@B46-nutrients-12-02273]\]. Evidence supporting the protective effect of whole grain intake on the risk of breast cancer has been shown from previously studies. Whole grains are rich in dietary fibr, which have protective effects against cancer by means of increasing fecal bulk and possibly reducing the absorption of carcinogenic agents \[[@B45-nutrients-12-02273],[@B47-nutrients-12-02273]\]. Dietary fiber can reduce breast cancer risk through binding estrogens in the colon and increasing the fecal excretion of estrogens, resulting in a reduction in estrogen concentrations \[[@B48-nutrients-12-02273]\]. A meta-analysis of 16 prospective studies found that dietary fibr intake was associated with a reduced risk of breast cancer \[[@B49-nutrients-12-02273]\]. Whole grains contain high amounts of antioxidants, including vitamins and trace minerals such as selenium and zinc \[[@B45-nutrients-12-02273]\]. Vitamin E plays protective roles against cancer by preventing carcinogen formation and blocking carcinogen-cell interactions \[[@B50-nutrients-12-02273]\]. In addition, whole grains are an important source of phytoestrogens including lignans. Lignans such as phytoestrogens might reduce breast cancer risk because lignans may have antiestrogenic effects \[[@B51-nutrients-12-02273]\], and phytoestrogens have antiproliferative properties in the breast, even though phytoestrogens have been shown to have significant estrogenic/antiestrogenic effects \[[@B52-nutrients-12-02273]\].

The strength of our study is that it is a prospective cohort study that eliminated potential for recall biases that can occur in either case-control studies or retrospective cohort studies. To the best of our knowledge, this is the first prospective study to examine the association between dietary patterns and breast cancer risk in Korean women. In addition, we used cancer diagnosis data that had high completeness approximately 97.8% in 2014 \[[@B53-nutrients-12-02273]\] and high sensitivity (81.2%) in breast cancer history \[[@B54-nutrients-12-02273]\] because the data on cancer diagnoses were retrieved from the Korea Central Cancer Registry.

Nevertheless, our study had some limitations. First, we assessed dietary intake only at baseline and could not control the possibility that some changes may have occurred in participants' dietary habits may have occured during follow-up \[[@B55-nutrients-12-02273]\]. More accurate measurement tool for long-term diet are needed for follow-up. Second, we evaluated breast cancer risk without considering clinical factors, including mammographic breast density and hormone receptor status because we could not obtain information on clinical data for breast cancer patients. The association between dietary factors and breast cancer risk may vary depending on clinical factors such as hormone receptor status \[[@B56-nutrients-12-02273],[@B57-nutrients-12-02273]\]. Further prospective studies that are able to use clinical data are needed to evaluate breast cancer risk. Third, the number of total participants in this cohort is fairly large and the duration of the follow-up period was not short, nevertheless, the number of breast cancer cases was limited, particularly in the subgroup analysis. Additionally, factor analysis depends on several subjective or arbitrary decisions regarding the selection of included variables, the number of retained factors, and the method of rotation that can have some impact on their interpretation \[[@B58-nutrients-12-02273]\]. However, factor analysis is a statistical tool for aggregating inter-related variables into composite factors that is a commonly used in other epidemiological studies. Finally, women under 50 years of age may have developed breast cancer after age 50, which could lead to misclassification of the age group. Therefore, we need to assess breast cancer risk considering the age at diagnosis of breast cancer in future studies. In conclusion, the multi-grain rice diet was associated with a reduced risk of breast cancer in Korean women under 50 years of age. Additional studies are needed to examine associations between diet and breast cancer risk considering breast cancer subtypes and the hormone receptor status.
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###### 

Food Groups for Dietary Pattern Analysis.

  No   Foods or Food Groups          Food Items
  ---- ----------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1    White rice                    Cooked rice (well milled)
  2    Multi-grain rice              Cooked rice with soybean, cooked rice with other cereals, half and half cooked rice well-milled and rice with soybean, half and half cooked rice well-milled and rice with other cereals
  3    Noodles dumplings             Ramen, wheat noodles with soup, Chajangmyon/Jambbong, buckwheat vermicelli/buckwheat noodle, dumpling/dumpling with soup, starch vermicelli
  4    Rice cake                     Rice cake (plain rod shape)/rice cake with soup, other rice cakes
  5    Bread                         Loaf bread/sandwich/toast, jam/honey/butter/margarine, bread with small red bean, other breads
  6    Pizza hamburger               Pizza/hamburger
  7    Roasted grain powder          Parched cereal powder
  8    Cereals and snacks            Cereals (corn flakes), cakes/Chocopie, cookie/cracker/snack, candy/chocolate
  9    Potatoes and Sweet potatoes   Potatoes, sweet potatoes
  10   Legumes and soybean paste     Legumes, soup and stew with soybean paste/soybean paste
  11   Tofu                          Tofu
  12   Starch jelly                  Starch jelly
  13   Nuts                          Nuts
  14   Kimchi                        Kimchi (Korean cabbage), Kkakduki/small radish kimchi, kimchi (radish with water), other kimchies(green onion/Kodulbbagi/mustard leaves)
  15   Pickled vegetables            Korean style pickles
  16   Yellow-green vegetable        Radish/Salted radish, Korean cabbages/Korean cabbage soup, spinach, lettuce, perilla leaf, vegetables wrap/vegetable salad, other green vegetables, pepper leaves/Chamnamul/Asterscaber, crown daisy/leek/water dropwort, cucumber, carrot/carrot juice, green pepper
  17   Other vegetables              Deoduck/Doraji(kinds of white root), bean sprouts, bracken/sweet potato stalk/stem of taro, onion, pumpkin (immature), pumpkin (mature)/pumpkin juice
  18   Mushrooms                     Oyster mushroom, other mushrooms
  19   Fruits and fruits juices      Strawberry, muskmelon/melon, watermelon, peach/plum, banana, persimmon (hard/dried), tangerine, pear/pear juice, apple/apple juice, orange/orange juice, grape/grape juice, tomato/cherry tomato/tomato juice
  20   Red meat                      Pork (belly), pork (roasted), pork (braised), steak/beef (roasted), dog meat, beef soup, beef soup with vegetables
  21   Red meat byproducts           Edible viscera
  22   Poultry                       Fried chicken/chicken stew
  23   Eggs                          Eggs
  24   Lean fish                     Sashimi, hair tail, Eel, yellow croaker/sea bream/flat fish, Alaska pollack
  25   Fatty fish                    Mackerel/Pacific saury/Spanish mackerel
  26   Shellfish                     Clam/whelk, oyster
  27   Other seafood                 Cuttlefish/octopus, crab, shrimp
  28   Dried anchovy                 Dried anchovy
  29   Salt fermented fish           Salt-fermented fish
  30   Processed meats and fishes    Ham/sausage, tuna (canned), fish paste/crab flavored
  31   Seaweeds                      Laver (dried), kelp/sea mustard
  32   Milk                          Milk
  33   Dairy products                Yogurt, ice cream, cheese
  34   Carbonated beverage           Carbonated drinks
  35   Coffee                        Coffee, coffee sugar, coffee cream
  36   Tea                           Green tea
  37   Other drinks                  Soybean milk, other drinks
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###### 

Rotated Factor Loadings for Dietary Patterns Identified by Factor Analysis ^a.^

                                Factor 1   Factor 2   Factor 3
  ----------------------------- ---------- ---------- ----------
  White rice                               0.78721    
  Multi-grain rice                         −0.73148   
  Noodles dumplings             0.47276               
  Rice cake                     0.35163               
  Bread                         0.58647               
  Pizza hamburger               0.52652               
  Roasted grain powder                                
  Cereals and snacks            0.57236               
  Potatoes and Sweet potatoes              −0.208     0.38359
  Legumes and soybean paste                −0.2104    0.44545
  Tofu                                     −0.20417   0.44552
  Starch jelly                                        0.27955
  Nuts                                     −0.2836    
  Kimchi                                              0.44016
  Pickled vegetables                                  0.34359
  Yellow-green vegetable                              0.73465
  Other vegetables                                    0.70435
  Mushrooms                                           0.56969
  Fruits and fruits juices                            0.3369
  Red meat                      0.44857               0.25373
  Red meat by-products          0.35232               
  Poultry                       0.43801               
  Eggs                          0.29667               0.20619
  Lean fish                                           0.58239
  Fatty fish                                          0.51097
  Shellfish                                           0.43758
  Other seafood                 0.21544               0.41895
  Dried anchovy                                       0.49245
  Salt fermented fish                      0.21363    0.28833
  Processed meats and fishes    0.44043               0.23669
  Seaweeds                                            0.56816
  Milk                                     −0.2114    0.20504
  Dairy products                0.21667               0.22627
  Carbonated beverage                                 
  Coffee                                              
  Tea                           0.26047               
  Other beverage                                      

^a^ Absolute values greater than 0.2 were presented.
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###### 

Characteristics of Participants According to Quartiles of Each Dietary Pattern.

                                                                Meat Dietary Pattern                                               
  -------------------------------------------- ---------------- -------------------------------- ---------------- ---------------- ----------------
                                               **Total**        **Quartile 1**                   **Quartile 2**   **Quartile 3**   **Quartile 4**
  No. of participants                          78320            19580                            19580            19580            19580
  Age (years)                                  52.3 (7.8)       55.7 (7.2)                       53.4 (7.5)       51.3 (7.5)       49.0 (7.3)
  Body mass index (kg/m^2^)                    23.6 (2.9)       23.9 (2.9)                       23.7 (2.9)       23.5 (2.9)       23.4 (3.0)
  Education, Undergraduate school or more %    19.67            9.8                              15.5             22.4             31.0
  Marital status, Married or cohabitanting %   86.51            84.7                             86.2             87.3             87.8
  Regular physical activity, %                 50.71            50.3                             51.2             51.8             49.6
  Drinking, Ever, %                            32.71            23.5                             31.1             35.9             40.3
  Smoking, Ever, %                             3.59             2.6                              3.4              3.8              4.6
  Total energy intake (kcal/day)               1981.0 (487.6)   1465.5 (394.0)                   1522.2 (395.6)   1680.0 (414.0)   2056.5 (505.2)
                                                                **White Rice Dietary Pattern**                                     
  Age (years)                                  52.3 (7.8)       52.5 (7.7)                       52.8 (7.8)       52.6 (7.8)       51.6 (7.8)
  Body mass index (kg/m^2^)                    23.6 (2.9)       23.5 (2.9)                       23.7 (2.9)       23.7 (2.9)       23.7 (3.0)
  Education, Undergraduate school or more %    19.67            23.6                             18.9             18.5             17.7
  Marital status, Married or cohabitanting %   86.51            87.0                             86.8             86.8             85.5
  Regular physical activity, %                 50.71            58.4                             52.7             49.6             42.2
  Drinking, Ever, %                            32.71            29.1                             30.4             34.2             37.2
  Smoking, Ever, %                             3.59             2.5                              2.5              3.8              5.6
  Total energy intake (kcal/day)               1981.0 (487.6)   2044.4 (431.5)                   1683.7 (347.9)   1469.7 (418.5)   1526.5 (517.7)
                                                                **Other Pattern**                                                  
  Age (years)                                  52.3 (7.8)       51.7 (8.0)                       52.5 (7.9)       52.6 (7.7)       52.73 (7.5)
  Body mass index (kg/m^2^)                    23.6 (2.9)       23.4 (3.0)                       23.6 (2.9)       23.7 (2.9)       23.77 (2.9)
  Education, Undergraduate school or more %    19.67            20.6                             19.0             19.3             19.8
  Marital status, Married or cohabitanting %   86.51            82.6                             85.8             88.3             89.3
  Regular physical activity, %                 50.71            44.3                             48.6             52.7             57.2
  Drinking, Ever, %                            32.71            33.7                             32.3             32.6             32.3
  Smoking, Ever, %                             3.59             4.0                              3.5              3.4              3.5
  Total energy intake (kcal/day)               1981.0 (487.6)   1440.3 (440.7)                   1569.9 (402.7)   1717.0 (421.1)   1997.0 (495.8)

^a^ Continuous variables are reported as mean (standard deviation) value and categorical variables are reported as %; ^b^ Analysis of variance was used for continuous variables and chi-square test was used for categorical variables.
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###### 

Hazard Ratios (HR) and 95% Confidence Intervals (CI) of Breast Cancer according to of Each Dietary Pattern Score.

  ----------------- -------------------------------- ------------------- ------------------- --------------------- ---------------------
                    **Meat Dietary Pattern**                                                                       
                    **Q1**                           **Q2**              **Q3**              **Q4**                **P for Trend ^b^**
  Person-years      126615.52                        123501.63           122526.1            121847.07             
  Cases             91                               66                  96                  106                   
  HR (95% CI) ^a^   1.00 (reference)                 0.70 (0.51, 0.97)   0.99 (0.73, 1.33)   1.05 (0.76, 1.47)     0.3047
                    **White Rice Dietary Pattern**                                                                 
                    **Q1**                           **Q2**              **Q3**              **Q4**                **P for Trend ^b^**
  Person-years      122953.56                        122874.99           123006.34           125655.42             
  Cases             88                               90                  76                  105                   
  HR (95% CI) ^a^   1.00 (reference)                 1.14 (0.84, 1.55)   1.00 (0.72, 1.40)   1.35 (1.00, 1.84)     0.0384
                    **Other Pattern**                                                                              
  **Q1**            **Q2**                           **Q3**              **Q4**              **P for Trend ^b^**   
  Person-years      121922.55                        121161.98           123307.24           128098.56             
  Cases             74                               84                  92                  109                   
  HR (95% CI) ^a^   1.00 (reference)                 1.12 (0.82, 1.54)   1.18 (0.86, 1.61)   1.30 (0.94, 1.80)     0.1222
  ----------------- -------------------------------- ------------------- ------------------- --------------------- ---------------------

^a^ HR (95% CI): adjusted for BMI (kg/m^2^, continuous), total energy intake (kcal/day, continuous), educational level (middle school or less, high school or college, undergraduate or more), parity (nulliparous, 1, 2, ≥3), age at first birth (nulliparous, aged \<25 years at first birth, aged ≥25 at first birth), age at menarche (\<15, 15, ≥16 years), regular exercise (no, yes), alcohol intake (never, ever), and the presence of a family history of breast cancer (no, yes); ^b^ P for trend was calculated using the median value of each category as a continuous variable.
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###### 

Hazard Ratios (HR) and 95% Confidence intervals (CI) of Breast Cancer according to White Rice Consumption.

                        White rice Consumption (Servings)                                           
  --------------------- ----------------------------------- ------------------- ------------------- --------
  **Total**                                                                                         
  Number                65265                               5080                7975                
  Breast Cancer Cases   291                                 23                  45                  
  Person-year           410894.11                           32071.06            51525.15            
  HR (95% CI) ^a^       1.00 (reference)                    1.07 (0.70, 1.65)   1.29 (0.94, 1.76)   0.1363
  **Age \< 50 years**                                                                               
  Number                23964                               2515                3324                
  Breast Cancer Cases   118                                 10                  22                  
  Person-year           154998.93                           16160.12            21877.67            
  HR (95% CI) ^a^       1.00 (reference)                    0.86 (0.45, 1.66)   1.39 (0.88, 2.20)   0.2945
  **Age ≥ 50 years**                                                                                
  Number                41301                               2565                4651                
  Breast Cancer Cases   173                                 13                  23                  
  Person-year           255895.18                           15910.94            29647.48            
  HR (95% CI) ^a^       1.00 (reference)                    1.30 (0.73, 2.32)   1.20 (0.77, 1.85)   0.2876

^a^ HR (95% CI): adjusted for BMI (kg/m^2^, continuous), energy intake (kcal/day, continuous), education level (middle school or less, high school or college, undergraduate or more), parity (nulliparous, 1, 2, more than three), age at first birth (nulliparous, aged \<25 years at first birth, aged ≥25 at first birth), age at menarche (\<15, 15, ≥16 years), oral contraceptive use (never, ever), regular exercise (no, yes), alcohol intake (never, ever), and the presence of a family history of breast cancer (no, yes); ^b^ P for trend was calculated using the median value of each category as a continuous variable.
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###### 

Hazard Ratios (HR) and 95% Confidence Intervals (CI) of Breast Cancer according to Multi-Grain Rice Consumption.

                        Multi-Grain Rice Consumption (Sservings)                                           
  --------------------- ------------------------------------------ ------------------- ------------------- --------
  **Total**                                                                                                
  Number                36843                                      14385               27092               
  Breast Cancer Cases   178                                        62                  119                 
  Person-year           237597.61                                  87197.55            169695.16           
  HR (95% CI) ^a^       1.00 (reference)                           0.96 (0.71, 1.26)   0.89 (0.70, 1.14)   0.3463
  **Age \< 50 years**                                                                                      
  Number                15246                                      5311                9246                
  Breast Cancer Cases   91                                         20                  39                  
  Person-year           100309.15                                  33014.31            59713.25            
  HR (95% CI) ^a^       1.00 (reference)                           0.66 (0.41, 1.08)   0.67 (0.45, 0.99)   0.0204
  **Age ≥ 50 years**                                                                                       
  Number                21597                                      9074                17846               
  Breast Cancer Cases   87                                         42                  80                  
  Person-year           137288.46                                  54183.24            109981.9            
  HR (95% CI) ^a^       1.00 (reference)                           1.22 (0.84, 1.77)   1.09 (0.79, 1.50)   0.4602

^a^ HR (95% CI): adjusted for BMI (kg/m^2^, continuous), energy intake (kcal/day, continuous), education level (middle school or less, high school or college, undergraduate or more), parity (nulliparous, 1, 2, more than three), age at first birth (nulliparous, aged \<25 years at first birth, aged ≥25 at first birth), age at menarche (\<15, 15, ≥16 years), oral contraceptive use (never, ever), regular exercise (no, yes), alcohol intake (never, ever), and the presence of a family history of breast cancer (no, yes); ^b^ P for trend was calculated using the median value of each category as a continuous variable. No association was observed for the meat dietary pattern and the other pattern.
